Optimally discriminating familiar from novel stimuli demands a decision-making process informed by prior expectations. Here we demonstrate that pupillary dilation (PD) responses during recognition memory decisions are modulated by expectations, and more specifically, that pupil dilation increases for unexpected compared to expected recognition. Furthermore, multi-level modeling demonstrated that the time course of the dilation during each individual trial contains separable early and late dilation components, with the early amplitude capturing unexpected recognition, and the later trailing slope reflecting general judgment uncertainty or effort. This is the first demonstration that the early dilation response during recognition is dependent upon observer expectations and that separate recognition expectation and judgment uncertainty components are present in the dilation time course of every trial. The findings provide novel insights into adaptive memory-linked orienting mechanisms as well as the general cognitive underpinnings of the pupillary index of autonomic nervous system activity.
Introduction
In addition to the pupillary light reflex, research spanning almost fifty years has established increased pupillary dilation (PD) as a correlate of diverse cognitive demands, including mental arithmetic (Hess & Polt, 1964) , working memory (Kahneman & Beatty, 1966) , and decision-making spanning perceptual (Kahneman & Beatty, 1967) , semantic (Ahern & Beatty, 1981) and economic domains (Fiedler & Glockner, 2012) .
The pupil is also sensitive to episodic memory judgments, dilating more for recognition probes identified as studied (old) versus unstudied (new) (Gardner, Mo, & Borrego, 1974; Goldinger & Papesh, 2012; Heaver & Hutton, 2011; Naber, Frassle, Rutishauser, & Einhauser, 2013; Papesh, Goldinger, & Hout, 2012; Vo et al., 2008) . As an extension of earlier work linking pupillary dilation to cognition (Beatty, 1982; Kahneman, 1973) , this 'pupil old/new effect' has been suggested to reflect the increased 'cognitive load' or voluntary effort required during the successful retrieval of episodic content. Below we briefly outline the Cognitive Load model, highlighting how its previous applications to the pupil old/new effect may have been strained. We then consider an alternative possibility in which the initial dilation reflects an involuntary response indicating attentional orienting, and conclude by explaining how our reported memory cueing paradigm pits the effort and orienting accounts of the pupil old/new response against one another.
The Cognitive Load model and its prior application to the pupil old/ new effect
According to the Cognitive Load model of Kahneman and Beatty (Beatty, 1982; Kahneman, 1973; Kahneman & Beatty, 1966) , pupil dilation is a peripheral marker of arousal that serves to transiently increase cognitive capacity as a result of either the 'voluntary' or 'involuntary' deployment of attention. When voluntary, the subject chooses to engage in a problem or decision task and the inherent 'top-down' demands of the task drive both the level of cognitive effort and pupillary dilation (Kahneman, 1973) . For example, in a working memory digit span task, pupil dilation increases as the number of digits to be retained also increases (Kahneman & Beatty, 1966) , tracking the greater effort expended for the larger memory set size. Critically, under voluntary attention, increasingly effortful tasks should yield increasingly slowed, erroneous and uncertain responding (Kahneman, 1973 
